Background: Evidence of climate change and its impact continues to be accumulated, and it is argued that the consequences of climate change are likely to result in an increased demand on health services. It has been claimed that climate change presents new challenges for health services and that strategies should be adopted to address these challenges.
Introduction
As evidence of climate change and its impact continues to be amassed it has become clear that many of the causes of climate change are anthropogenic in nature through lifestyles, consumption and choices that pollute and exploit resources in an unsustainable manner. [1] [2] [3] The future health impacts of climate change are well documented, with forecasts made of increasing health problems caused by heatwaves, storms, floods, fires, droughts and infectious diseases. [4] [5] [6] It is also predicted that climate change will have detrimental effects upon agriculture and fisheries, and may even result in collapsing ecosystems. 4, 5 In terms of economics, Roberts 7 argues that while the costs of tackling climate change may be great, they will be much less than the costs incurred through inaction, and as Stott and Godlee 8 claim, could be as much as 20% of the global gross domestic product. The effects of climate change are not limited solely to the realms of economic or potential future impacts. Some consequences and health impacts of climate change have already been observed. For example, in episodes of flash flooding and outbreaks of Escherichia coli 0157 in the United Kingdom (UK) and in the increasing incidence of tick borne infections throughout Europe. 3, 9 The consequences of climate change are likely to lead to an increased demand on emergency and health services. Add to this the challenges of meeting local healthcare needs in a post peak-oil scenario, with possible limited access to medicines, transport and energy difficulties, and we could be facing a massive public health disaster which will need to be addressed by Health Services. 5, 10, 11 The UK National Health Service (NHS) however continues to make its own contribution to the problem of climate change with recent estimates suggesting that the NHS is responsible for 5% of the road transport emissions in the UK and that in total it emits around a million tonnes of carbon each year. 11, 12 In addition to this, it is claimed that the NHS annually spends up to £400 million on energy costs. 11, 12 It has been asserted that climate change is a "new front for health" p205 3 and that strategies should be adopted with a view to addressing the challenges and consequences of unsustainable consumption and climate change. 1, 13 These strategies should include measures to mitigate and adapt to climate change, and it has been claimed that with its large estate, purchasing power and significant numbers of employees (more than 1.3 m people) the UK NHS has enormous power to mitigate the impact of climate change by implementing sustainable practices and encouraging its employees to do likewise. 14 A potentially significant contribution to focused NHS action on climate change is the establishment of the NHS Sustainable Development Unit (http://www.sdu.nhs.uk/) and the recent launch of the NHS Carbon Reduction Strategy for England (http://www.sdu.nhs.uk/page.php?page_id=94).
The responsibility of healthcare practitioners to protect and promote the health of the public should be extended to working to prevent climate change according to some authors. 15 In pursuit of this aim, the UK Public Health Association 16 outlined strategies for promoting health and sustainable development, and the Climate and Health Council has been established as a not-for-profit international organisation aiming to mobilise health professionals across the world to take action to limit climate change and its effects on human health (http://www.climateandhealth.org/). The UK Department of Health has produced a Guidance Document on The Health Impact of Climate Change: Promoting Sustainable Communities 17 and the British Medical Journal (BMJ) has set up a carbon council aimed at exploiting the knowledge and creativity of healthcare workers in achieving a transition to a more sustainable world. 18 In addition, efforts are being made to reduce the carbon footprint of attending medical conferences. 19 Instances of good practice in addressing sustainability and climate change are found within the UK NHS. For example, Cornwall PCT has taken action to provide sustainable waste management and locally sourced food 20 (http://www.cornwallandislesofscilly. n h s . u k / R o y a l C o r n w a l l H o s p i t a l s T r u s t / O u r O r g a n i s a t i o n / N e w s A n d P u b l i c a t i o n s / Publications/AnnualReports/AnnualReport0708/ F i t t e r F u t u r e / B u i l d i n g A S u s s t a i n a b l e F u t u r e / FoodUnitLeadsTheWayForNHS.aspx), and the Gwent Healthcare NHS Trust 25-year performance contract with energy services company, Honeywell, has enabled the introduction of dual fuel burners, a combined heat and power plant and seen the rollout of water conservation measures across the organisation ( h t t p : / / w w w. h e a l t h e x e c . t v / c g i -b i n / d e t a i l s . pl?action=pre&id=426). However, such instances remain comparatively rare and it has been argued that organisations responsible for commissioning and providing healthcare services in the UK such as Strategic Health Authorities and Primary Care Trusts have not yet fully considered the impacts of climate change or developed strategies aimed at promoting resilient and sustainable communities. 21 This may be due in part to a reluctance amongst senior healthcare managers and clinicians to acknowledge that climate change will have unavoidable impacts upon healthcare in the UK, and/or a critical view taken by some of the nature and quality of evidence in relation to climate change and sustainability. 22 The aim of this systematic review was to map published literature on health and sustainability by categorising papers according to their focus on effects, strategy and actions, and to provide a thematic analysis of their content.
Methods
Systematic searches were conducted via a range of healthcare related databases and citations were sought from relevant reviews. During October and November 2008 the following databases were searchedPubmed, Medline, CINAHL, AMED, ASSIA, IBSS and ISI Web of Knowledge. These searches focussed upon papers published between 1998 and 2008.
search terms Health, healthcare, health care, health services, sustainability, climate change, peak oil, energy vulnerability, mitigation, adaptation.
Inclusion criteria
• Filtering Citations were filtered independently by two members of the research team (JR and VM). Where there were discrepancies, the full article was retrieved.
Data collection and analysis
Data was extracted systematically using a specially designed data extraction form and categorised according to the focus of the publication: Effects; Strategies/ Policies; Actions. Following this categorisation a thematic analysis was conducted in order to identify key issues, policies and actions. For each publication, data extraction and thematic analysis were conducted independently by two researchers (JR, VM) and any disagreements or discrepancies were resolved by discussion and involvement of the third researcher (AN). The thematic analysis 23 was undertaken in accordance with methods used previously. 21 Themes emerging from the publications were extracted, together with a summary to illustrate each theme. Due to the heterogeneity of the papers and the absence of evaluation studies a quality assessment of the included papers was not undertaken.
Findings
A total of 114 studies were retrieved for possible inclusion, of which 36 actually met the inclusion criteria (see Fig. 1 ).
Many of the retrieved papers were comments or editorials and were therefore excluded (see Table 1 ). The 36 publications were categorised according to their focus on: effects/impacts, strategy/policy, action/examples (Table 2 ). This categorisation was consistent with previous work examining the action being taken by Strategic Health Authorities and Primary Care Trusts. 21, 24 global effects/impacts A number of publications attempted to provide details of the potential effects of climate change and energy vulnerability on health, with the main health effects being grouped under the following themes: waterborne disease; vector borne disease; food borne disease; incidence of temperature related deaths; skin cancer and cataracts; increase in starvation and malnutrition; increased incidence of respiratory disorders/death due to pollution/particulate matter; injury and death due to flooding/storms; psychological effects. Table 3 provides a summary of examples of the global impacts and effects of climate change in relation to health as reported in the literature reviewed.
Waterborne disease
The increase in ambient temperature and flooding associated with climate change is likely to result in an increase in the spread of vectors such as mosquitoes, with a resultant increase in incidence of water-borne diseases such as malaria, 2, 25, 26 particularly in developing countries; 27, 28 it is unlikely however, that in those countries that have adequate public health and medical infrastructures there would be a significant spread of malaria. 27 Nevertheless, Campbell 25 highlights the need for vigilance throughout Europe with the possibility of the arrival of new species of mosquito that could act as more effective vectors. Similarly, the increased risk of infection due to flooding is most likely to affect poorer countries and not the UK or the West unless water sources themselves are breached. 27 The effect of rising temperatures on the development of toxic blooms that are detrimental to health have also been highlighted by Hunter, 27 along with an increased incidence of cholera associated with such blooms.
Vector borne disease Campbell 25 reports that changes in human behaviour associated with alterations in land usage and leisure activity due to warmer temperatures in the UK are likely to have the greatest impact on the transmission of vector-borne diseases such as that spread by insects (e.g. flies, ticks and mosquitoes). 25 In addition, there have been reports of vector species responding to climate change in Europe, with latitudinal shifts in the population of ticks due to rising temperatures, resulting in changes in the incidence, distribution and transmission of tick-borne encephalitis. 26 However, the likelihood that tick-borne encephalitis would become a major problem in the UK is probably very limited. 26 Factors such as temperature, humidity, levels of precipitation, soil moisture and sea level rise can all have an impact on the transmission of vector-borne infectious diseases, so determining how these factors may affect the risk to populations is not straightforward. Added to these environmental factors, there are also a number of plausible alternative explanations for changes to vector species, such as changes to land usage and socio-economic and demographic factors as outlined by Haines et al. 29 Food borne disease A number of authors report an increase in death and disease from food poisoning associated with climate change and the effects of flooding 25, 30 as well as the effects of higher temperatures on food storage and food hygiene. 2 Rising temperatures and increased risk of flooding are also likely to affect the distribution and incidence of diarrhoeal disease, with associated increased risk of food contamination. 2, [26] [27] [28] It is expected that the greatest risk of diarrhoea will occur in populations in developing countries, with Western countries suffering little or no additional risk. 26 Food contamination may also result from flooding with the remobilisation of chemicals and pesticides on the land, particularly in areas where industrial or agricultural land directly abuts residential land. However there has been little research in this area to determine the causal effect of chemical contamination on health of neighbouring communities. 26 Incidence of temperature related deaths Death due to increases in temperature and humidity associated with climate change and more frequent heat waves are predicted with many of the actual causes of death being due to cardiovascular, cerebrovascular and respiratory events which will predominately affect the most vulnerable populations such as the elderly. 26, 28, 29 Urban areas are more likely to be affected than rural or sub-urban areas due to the 'heat island effect' and the increase in air pollution resulting in respiratory deaths. 29 There is some suggestion that warmer temperatures associated with climate change will bring about a reduction in cold-related deaths, particularly in the elderly (e.g. 26, 28, 31 though it is expected that these benefits are likely to be very small.
skin cancer and cataracts
It is reported that modifications to health behaviours as a result of rising temperatures associated with climate change will lead to an increase in human UV exposure as individuals spend more time in the sun. This increased exposure to UV light, along with the ozone depletion also associated with climate change, is likely to result in an increase in incidence of skin cancer and cataracts. 32, 33 Increase in malnutrition/starvation The effect of climate change and weather extremes on agricultural productivity will have a direct impact on the health and nutrition of the population. 25, 26 Such effects will have greatest impact on agriculture and crop yields in areas such as Africa and other developing countries already affected by drought and conflict. 25 Droughts will have wide ranging effects on health including nutrition and famine 26 with crop failures having worldwide impact resulting in food insecurity and food shortages. 25 Rising sea levels Table 3 . Impacts/Effects: Analysis of themes.
Theme Descriptive terms (reference)
Water-borne disease Increase in spread of vector mosquitoes with a resultant increase in incidence of water-borne diseases such as malaria 2, 25, 26 though this is unlikely in UK. 28 Increased incidence of cholera associated with rising temperatures.
27

Vector-borne disease
Increases in insect-borne disease from flies and ticks due to changes in land use and leisure activities as opposed to climate change. 25 Changes in the incidence, distribution and transmission of tick-borne encephalitis. 26 
Food-borne disease
Increased incidence of food poisoning as indirect result of climate change and flooding; 25, 30 dengue and diarrhoeal disease, resulting in an increased risk of food contamination.
2,26-28
Incidence of temperature related deaths
Increase in mortality and thermal stress in hot weather due to increased frequency of heat waves associated with climate change 26, 28, 29 though this is most likely to affect vulnerable individuals i.e. the elderly. Hales et al 2007 30 health impacts of heat waves. reduction in cold-related deaths associated with climate change and rising temperatures e.g 26, 28 though this is likely to be minimal. 31 
skin cancer and cataracts
Increase in incidence of skin cancer and cataracts as result of increased UV exposure and associated ozone depletion.
32,33
Increase in starvation/ malnutrition Loss of staple crops and impact on nutrition and health and development. 25, 26 Impact of climate change and rising sea levels in coastal areas on local agriculture infrastructure, goods and transport. 25, 26 Increase in malnutrition and consequent disorders with implications for child growth and development. 28 Increase in migration and armed conflict over land. 25 
Increase in respiratory disease and deaths due to pollution/particulate matter
Increase in cardio-respiratory diseases associated with an increase in ground level ozone and pollution. An increase in particulate matter associated with an increase in diesel fuel consumption in UK. 26, 28 reduction in respiratory syncytial virus (RSV) season with resultant health benefit. 34 
Injury and death due to flooding/storms
Increased risk of drowning and other injuries due to flooding/ storms. 26 Contamination due to mobilisation of dangerous chemicals and increased risk of diarrhoeal and respiratory diseases as direct result of flooding. 26 
psychological effects
Effect of flooding, drought, environmental degradation and population displacement on the mental and psychological of populations. 26, 30 For example, the effect of flooding, drought and environmental degradation associated with climate change and resultant population displacement and the creation of environmental refugees, creating psychological and mental health problems for the displaced populations. 25, 26 and flooding in coastal areas may impact on local agricultural infrastructure 25 and will affect local biodiversity and ecosystems with a knock on effect on goods and services. 26 Reduction in yields from agriculture result in reduced availability of food and increase in malnutrition and consequent disorders with implications for child growth and development. 28 There is also likely to be an increase in armed conflict over water, land and food supplies, resulting in population migration and displacement.
Increase in respiratory disease and deaths due to pollution/particulate matter A predicted increase in cardio-respiratory and respiratory diseases is expected due to an increase in ground level ozone, 28 an increase in general air pollution caused by more frequent forest fires, 26 and an increase in particulate matter as a result of rising use of diesel fuel in the UK. 26 However, one health benefit associated with rising temperatures that has been identified is the shortening of the respiratory syncytial virus (RSV) season. 34 Injury/death due to flooding/storms The direct and immediate effects of flooding and/or storms on health and well-being have been well documented, and include an increased risk of drowning and other injuries as well as potentially longer lasting effects on mental health. 26 Contamination due to mobilisation of dangerous chemicals and increased risk of diarrhoeal and respiratory diseases have also been identified as a direct result of flooding. 26 
Psychological effects
The impact of flooding and the stress of population displacement on the psychological health of individuals is also well documented. 26, 30 For example, due to climate change and more frequent natural disasters, communities are displaced as result of flooding, drought and environmental degradation and this creates pressures in neighbouring areas as they struggle for survival or compete for employment. This population displacement and the creation of environmental refugees creates psychological and mental health problems for those concerned. 25, 26 strategy/policy
The majority of publications we found emphasised the need for policies and strategies; providing details of what these should include, or referencing specific UK Government policies (Table 4) .
Food and health
Fairchild and Morgan
35 describe a comprehensive food policy developed for Cardiff that encompasses sustainability, education, training, nutrition, food provision and food supply. The policy objectives included rapid appraisal of food initiatives, establishment of a food health strategy working group, and a preparation of food and health strategy. Their approach reinforces recommendations that policies should be guided by health and broader ecological sustainability. 35 The impacts of poor food policy decisions on public health are outlined by Caraher and Coveney. 36 They argue for the need for food policy to take into account the wider elements of the food system, such as the control of food supply, and the effects of globalisation on health. Haines et al 29 consider the implications of climate change on food production, processing and distribution and outline the need for policies that increase food crop production and prioritise food security. With the possibility of some food crops being diverted to produce biofuels for transportation, there is a need to ensure food security in those areas and to support sustainable land-use policies that maintain and enhance food crop production.
Contraction and convergence
Contraction and convergence has been proposed as the most practical and equitable strategy for reducing CO 2 emissions and tackling climate change. 18, [37] [38] [39] [40] This approach has also been proposed by the Global Common Institute 37 and would require the establishment of a global carbon budget with allocation of entitlement of carbon to each region, country or individual 18 and major changes in all sections of the economy including: electricity production, transport, housing, agriculture, industry and commerce. 41 Stott 18 outlines the injury control benefits that would result from carbon rationing.
Waste and water management Brayford 42 examines sustainability in the UK NHS and considers actions and co-benefits around the five key themes of energy, water, waste, transport and procurement. In relation to waste management in the NHS, Brayford 42 outlines the requirements placed upon NHS Estates who have been tasked with producing a strategy for 'Total Healthcare Waste Management' in order to enhance sustainability, to reduce waste disposal costs and reduce the environmental impact of the NHS whilst at the same time bringing about benefits to patient care and health services. There is also reference to further plans that have been proposed, such 
Theme Descriptive terms (reference) Food and Health
A comprehensive food policy for delivery of food provision and supply for Cardiff. 35 Health impact of poor food policy decisions. 36 sustainable land-use and food security policies are considered by Haines et al. 27 
contraction and convergence
Contraction and convergence proposed as the most practical and equitable strategy for reducing CO 2 emissions and tackling climate change 18, [37] [38] [39] [40] 
Water and Waste Management
Applying government strategies for waste management and water conservation. 42 nHs estates working to survey/benchmark for performance monitoring 'watermark' initiative. 42 Involvement of public health professionals in regulation of waste management as part of the Integrated Pollution Prevention and Control (IPPC) process. 44 sustainability nHs Estates new Environmental strategy for the nHs which encompasses buildings, energy, waste, water, transport and procurement. 42 sustainability policies covering such areas as energy, transport, town planning and structure of economy. 45 Policies to promote access to clean and sustainable energy sources. 27 UK sHA strategies and policies for sustainability and tackling climate change and energy vulnerability. 21 nHs policies that promote sustainable development to include all aspects of its business.
46
Transport
Transport policies aimed at limiting environmental impact, reduce congestion and improve health. 27, 42 Climate mitigation policies as a means of reducing fuel consumption and CO 2 emissions. 48 Associated health benefits of transition to a low-carbon, low-energy transport system. 47 Policies that support active transport options such as walking and cycling.
27
Behaviour modification strategies good corporate citizen model. 44, 46, 52 Use of doctors and other health professionals as advisors or role models. 90 Behavioural change strategies.
40
energy use Haines 49 outlines policies in relation to sustainability, energy use and renewable energy. Policies to promote access to clean and sustainable energy sources. 27 UK energy policy and plans to reduce pollution and effects of climate change and to increase use of renewable energy sources, such as wind and wave power.
42
Buildings and settlements
Environment and building policies and strategies. 42 sustainability policies covering such areas as town planning. 45 Hales et al. 30 uses heatwaves as an example of the effects and response measures in terms of buildings. Haines et al. 27 housing and built environment policies and their associated co-benefits.
public health adaptation measures
Haines et al. 26 p593. Hales et al. 30 presents adaptation and mitigation strategies for specific climate change health issues (p297-8).
UK Government Initiatives
Brayford 42 and Campbell 25 'Environmental Protection Act and' Loss of Crown Immunity for nHs. 42 'strategy for Total Waste Management'. 42 'new Deal for Transport: Better for Everyone'. 42 'The Transport strategy'. 42 'Building a Better Quality of Life: A strategy for More sustainable Construction' (DEFrA) (Brayford) . 'Achieving Sustainability in Construction Procurement-Sustainability Action Plan. 42 'Construction Best Practice Programme' (CBPP). 42 Measurement for Innovation (M4I) 42 Green Public Private Partnerships-A Guidance Note on How to Include Environmental Considerations within PPPs and PFI Projects.
that have been developed to reduce dependence on landfill. Mohan et al 44 outlines the involvement of public health professionals in regulation of waste management as part of the Integrated Pollution Prevention and Control (IPPC) process which is designed to ensure that all waste management installations are operating so as to minimise risk to human health. Recommendations are made for the use of health impact assessments (HIA) to determine the impact that a waste management site could have on the health of a local community and for consideration of possible mitigation measures, such as the use of Life Cycle Assessments (LCA) to ensure a sustainable approach. 44 The LCA approach takes into account the environmental impact of a product or service over its entire life cycle and provides an evidence based approach to waste management and planning for sustainability. sustainability Brayford 42 describes the latest strategy from NHS Estates: New Environmental Strategy for the NHS which encompasses buildings, energy, waste, water, transport and procurement and tasks the NHS with both reducing waste and enhancing efficiency in these areas, whilst at the same time bringing about patient benefit. A document produced to guide the NHS in its development of sustainability policies in these areas is Sustainable Development in the NHS. 42 The need for sustainability policies covering such areas as energy, transport, town planning and structure of economy have been highlighted by Hanlon and McCartney 45 as essential to address shortfalls in energy supply, rising energy prices and energy vulnerability associated with 'peak oil'. Hanlon and McCartney 45 emphasise that there is scope through economic planning and sustainable development to reduce the adverse effects of such changes on public health and that this should be tackled at both the national and international level through structures such as the European Union. Haines et al 29 considers policies to promote access to clean and sustainable energy sources in order to improve public health and mitigate climate change. They report on a number of technology and policy options and economic instruments for the mitigation of greenhouse gas emissions and use of energy in different sectors, such as power generation, transport, agriculture, and the built environment, with policies to reduce human population growth and livestock production also potentially playing an important role in tackling climate change. Coote 46 outlines the need for NHS policies that promote sustainable development to include all aspects of its business including: food for patients, cleaning equipment, pharmaceuticals, vehicles, childcare services, new buildings, energy, water and waste, and how it involves patients and public in decision making; and a sustainable health policy that gives priority to maintaining and improving health for all and reducing health inequalities.
Transport
Brayford 42 outlines transport policies that are aimed at limiting environmental impact, reducing congestion and improving health. NHS philosophy is supported by the Government's White Paper New Deal for Transport: Better for Everyone which emphasises the role that the NHS and its hospitals can play in encouraging a more sustainable approach to travel. 42 The health benefits of transition to a low-carbon, lowenergy transport system have also been highlighted by Roberts and Arnold. 47 These benefits include a reduction in the volume and speed of traffic that could mitigate climate impacts, reduce injury rates and improved air quality whilst simultaneously improving health. Roberts and Arnold 47 emphasise that increases in levels of active transport (such as walking and cycling) are key to limiting environmental pollution whilst at the same time bringing considerable health co-benefits. Co-benefits outlined include reductions in traffic pollution, noise, congestion and energy security and associated health benefits as a consequence of increased physical activity and personal energy consumption on rates of obesity, diabetes and cardiovascular disease.
Mazzi and Dowlatabadi 48 have highlighted that climate mitigation policies are a means of reducing fuel consumption and CO 2 emissions, though caution that these may not necessarily lead to associated health benefits. A switch from petrol to diesel fuelled vehicles may impact on green house gas reduction, but could impact negatively on air pollution and health due to an increase in health-damaging emissions e.g. black carbon emissions from diesel engines. 48 In addition to the above, Haines et al 29 highlight the need for policies and incentives that make walking and cycling a more Environmental Health Insights 2009:3 attractive option; these include issues such as legal priority and reallocation of street space and time, making trips more pleasant and attractive.
Energy use
Haines 49 outlines the potential health benefits of renewable energy sources and policies that promote sustainability and use of renewable energy sources, describing how emissions of greenhouse gases can be reduced by increased use of renewable sources, such as wind power in the UK, greater energy efficiency and other measures to promote sustainability. Haines also highlights the considerable health benefits in the short term resulting from policies to reduce the combustion of fossil fuels, particularly those associated with high levels of pollution, such as oil and coal, with estimates from the Working Group on Fossil Fuels and Public Health of some 700,000 lives saved as a result of reductions in greenhouse gas emissions. Haines 49 refers to a report from the UN Intergovernmental Panel on Climate Change (IPCC) which has reviewed a range of technical options in relation to renewable energy use and its potential for health benefits. Haines et al 29 consider the importance of policies in promoting access to clean and sustainable energy sources and their potential to both improve public health whilst at the same time mitigating the effects of climate change. 29 They identify the need for policies that will transform patterns of power generation and energy use in order to address climate change and to improve public health, and to help reduce the vulnerability of poorer populations to the effects of climate change. A number of technology and policy options for the mitigation of greenhouse gas emissions and use of energy in different sectors are considered, for example: energy efficiency and conservation; fuel shift; carbon dioxide capture and storage; nuclear fission; renewable electricity and fuels; forests and agricultural soils. Brayford 42 outlines the Climate Change Programme devised by the Government to tackle climate change and the recent Energy White Paper, Our Energy FutureCreating a Low Carbon Economy 50 which sets out the UK's energy policy which aims to encourage the use of renewable energy and improving energy efficiency in buildings and procurement.
Buildings and settlements
Hales et al 30 emphasises the need for planners of housing and human settlements to consider energy efficiency alongside other criteria for sustainability such as the local impacts of housing design on human health and biodiversity. They use heat waves as an example of the effects and response measures in terms of buildings and health and of the need for land use planning to restrict building on flood plains, coastal areas and heat wave and drought-prone areas. Brayford 42 refers to environment and building policies/windows such as the NHS Estates' New Environmental Strategy for the NHS 51 which aims to address sustainability in an holistic way by ensuring that healthcare buildings are waste reducing and energy efficient, whilst at the same time patient focused. The emphasis is on ensuring a healthcare environment that is not only sustainable but one that also maximises social and health benefits. The need for sustainability policies covering such areas as town planning have been highlighted by Hanlon and McCartney 45 as essential to address shortfalls in energy supply, rising energy prices and energy vulnerability associated with 'peak oil' (see sustainability theme). Haines et al 29 considers housing and the built environment and indicates that many of the policies that mitigate the effects of climate change will inevitably involve changes that will also serve to enhance the built environment. For example, reducing traffic congestion and pollution and increasing the number of trees in urban environments will make areas more attractive for safe and healthy active transport. Table 5 provides a summary of examples of action on climate change and energy vulnerability in relation to health as reported in the literature. This action can be broadly grouped under the following themes: methods that support sustainable development; governance and attitude/behaviour change; gardening and food; energy saving/waste management; transport.
Behaviour modification strategies
Actions/examples
Methods that support sustainable development
In considering the potential for the use of Health Impact Assessment to test for and promote health and sustainability, Barton and Grant 54 highlight some of the problems with planning processes for new developments and the lack of emphasis on the interplay between individual health, lifestyle, social networks and environment. They advocate the use of an integrated appraisal approach that embraces economic, social and environmental aspects of sustainable development (the Spectrum Approach). They provide an example of this approach as it has been used in practice and illustrate the stages of the appraisal process, stating that 'Spectrum is expressly designed to recognize both the integrated agendas of health and sustainable development and the need for an inclusive communicative process' (p134). Few 55 uses Health Impact Pathways as an approach to assessing event occurrence (physical risk), social vulnerability and coping capacity, and links this approach with population health and disaster management, stressing the importance of contextual and societal factors that constrain or promote coping efforts. This method focuses on risk reduction at pre-event, event, and post event stages, thus considering both mitigation and adaptation. The Department of Health Health Action Zones initiative provides an opportunity to link sustainability with health, environment and social justice, and to address inequalities in health. 56 Drawing on the work carried out in Sandwell, in the West Midlands of the UK, Middleton provides an example of regeneration projects, environmentally sustainable buildings, and community food co-operatives; initiatives aimed at promoting local enterprise and building resilience. 
Theme
Descriptive terms (reference)
Methods that support sustainable development
Health Impact Assessment as a method for promoting health and sustainability. Use of sustainability appraisal approach-'Spectrum', designed to integrated health and sustainability agendas with participatory process. Outline provided of six-stage appraisal process. 54 Health Impact Pathways as a method of assessing the potential impacts and vulnerabilities of climate change hazards at different points in time with examples of response mechanisms. 55 government initiatives such as Health Action Zones and Healthy Cities programmes provide opportunities for addressing sustainable development and building resilience.
56
Governance and attitude/behaviour change
Example of multi-disciplinary approach to water treatment and water quality based on recommendations from the World Humanity Action Trust. 57 Links between attitudes and perceptions of recycling behaviour at home and at work, 58 do not necessarily translate into recycling behaviour. 59 strategies are suggested for improving behaviour.
59
Gardening and Food sourcing food locally to reduce food miles. 25, 60 Food co-operatives and community agriculture, partnerships with farmers to promote local growing, improving supply of fruit to schools. 56 Community gardens could act as a model for the implementation of social, economic and environmental policies at local level.
61
energy saving/Waste Management Affordable warmth programme, sustainable buildings. 56 Energy saving equipment for heating and ventilation. 60 Combined heat and power plant and energy efficiency measures. 62 Wind turbines and solar panels installed. 25 reusable nappies reduce clinical waste.
25
Transport green travel plans. 25, 60 Environmental Health Insights 2009:3 governance and attitude/behaviour change Jeffrey 57 highlights the World Humanity Action Trust (WHAT) report emphasis on governance 'in terms of inter-relationships between systems and structures of governance, emphasising the need to take into account all relevant aspects of problems in an integrated way rather than as a series of singleissues' (p606). This requires organisations to change behaviour and implement action to promote multidisciplinary working. Jeffrey provides an example of an attempt to address water quality through this approach. Tudor et al 58 found that NHS employees who reported recycling behaviour at home were also more likely to report recycling at work, and that such reports were influenced by underlying attitudes and beliefs about the environment. However, these selfreports of behaviour did not necessarily translate into actual behaviour when measured through observations and waste-bin analysis. 59 Suggestions for behaviour change at an organisational level included training managers, with an emphasis on cost-savings, increased communication about recycling and environmental issues through staff training and development. 59 gardening and food Efforts to reduce food miles and provide healthy local food have been implemented, reducing food miles by two thirds in one NHS Trust. 25, 60 Health Action Zone initiatives have promoted food co-operatives and enhanced the local supply of healthy food. 56 Holland 61 examined the community garden movement in the UK. 'Health Issues' was an important feature of the original purpose of the 96 community gardens surveyed. Connecting purposes were apparent from the data, in particular: education, health, food provision and leisure were linked. Thirty five of the garden projects linked health with skills, suggesting the application of food growing to skills and health promotion. 61 Energy saving/waste management Efforts to reduce carbon emissions and improve energy efficiency, through, for example, the installation of combined heath and power plants can also bring savings to NHS Trusts; 60,62 wind turbines and solar panels can provide energy and save costs. 25 Sustainable building programmes can encourage environmentally sound housing, as well as engagement of the local community (for example those with learning difficulties) and provide healthier domestic environments. 56 More effective management of clinical waste has been achieved by changing from disposable to reusable nappies. 25 
Transport
Green travel plans encourage cycling and public transport use, 25, 60 with the associated benefits of increasing physical activity.
Discussion
Interest in the health impacts of climate change has increased significantly in recent years as evidenced by the available literature reviewed here. Interest in the health impacts of peak oil is less evident. What is clear from this systematic review is that much of the literature focuses on the specific health impacts and effects of climate change, the need to take action, and reports of strategies and policies. The literature suggests that we face a future in which the fundamentals of our lives will change and one which poses significant challenges for public health and well being.
Health services in the UK have to some extent already begun to produce and adopt policies and strategies that address some of these risks; waste, transport and energy have all been highlighted in the literature. However, unless these policies are effectively implemented, they will amount to little actual change. Although evidence of concrete actions taken and successful implementation of policy has been demonstrated by this systematic review, the evidence of action was dwarfed by the evidence of well-intended policies and strategies that have yet to be implemented. Furthermore, it is also evident that there is very little in the way of original research in this area, either in relation to the implementation or evaluation of actions.
Although there remains uncertainty over exactly how climate change will affect the UK, it is clear that the environmental problems and effects associated with it will impact most heavily on the poorest and most vulnerable members and regions of society, including older people, children, and low-income families and it is this disproportionate effect on the most disadvantaged in society that is likely to further contribute to health inequalities. 63 This suggests a fundamental need for action that addresses both sustainability and health inequalities, as many of the steps taken to reduce the effect of climate change will have positive health benefits. For example, efforts to improve the energy efficiency of housing and the local growing of food will have health co-benefits and may go some way to help to reduce the gap between the rich and poor. 18 In addition, increased use of active transport, such as walking and cycling, along with increased use of public transport as opposed to private cars, will help reduce pollution whilst at the same time improving the health of the population, with improvements in respiratory and cardiovascular health and reduced incidence of obesity and related disorders. 64 This review is limited by its emphasis on papers published in journals that are indexed on health and biomedical electronic databases. Other databases may have provided a wider literature that could be relevant for or extrapolated to health. Furthermore, other approaches such as searching websites for examples of actions and implementation may prove more successful. 21 However, actions that have been taken and the policies that have been implemented should be made available for thorough evaluation and discussion within the published literature, in order that others working in healthcare and healthcare education may become better informed and encouraged to take further steps to embed action on climate change and sustainability within their own organisations and working lives.
In the context of the education of healthcare practitioners, neither the UK NHS knowledge and skill framework (KSF) nor the Nursing and Midwifery Council's Standards of Proficiency for Pre Registration Education 65 explicitly refer to sustainability and climate change, so it could be argued that at the moment they are still considered marginal concepts for mainstream healthcare education. There is much competition, both ideologically and for space within the healthcare education curricula with current priorities focused on the need to provide trained professionals fit for work to meet the complex needs of a national (and local) NHS in terms of workforce requirements. 66 Debates around what healthcare workers are for must be seen in this context. This is compounded by post registration/qualification education where it is at least arguable that priorities are for 'training' to meet local service needs. This may result in the wholesale loss of contracting for courses that do not explicitly address local training needs for service delivery. A course on 'understanding and analysing global interconnectedness, environment and health' may seem too 'ivory tower' for a health service which must justify its spending. Due to education contracting for specific professional roles there is an underlying drive for educational programmes to meet narrowly defined needs that may not meet future demands.
However, the Department of Health in the UK has clearly set out the context in which NHS Trusts operate and this explicitly includes sustainable development. 67, 68 If this context does not help to drive workforce development and education in addressing sustainability and climate change, an opportunity will have been missed.
conclusion
There are clearly a large number of papers reporting the potential global health effects of climate change, as well as those reporting policies and strategies in the UK to tackle these effects. However there is an urgent need to identify and report on actual implementation of strategies to mitigate and adapt to these challenges and to publish real examples of actions. The 'policy-implementation gap' found in literature relating to the UK is likely to be prevalent in other countries and warrants investigation. Furthermore, any actions that are taken need to be evidence/policy based, and implementations monitored, evaluated and published. Significant funding is required to support evaluation and research in this area, and to assess, for example the impact of initiatives such as the UK NHS Carbon Reduction Strategy.
